Abstract: An efficient and convenient methodology is introduced for preparation of xanthones and dixanthones through direct coupling of salicylic acids and phenols. It is based on the use of POCl 3 and catalytic amount of calix [4] arene sulfonic acid as a highly thermally stable and recyclable organocatalyst. A variety of salicylic acids and phenols were treated with POCl 3 and the catalyst in the absence of solvent at 80 o C which afforded the corresponding xanthones in good to high yields.
Introduction
The xanthones nucleus is the main scaffold of a large category of natural and synthetic materials that demonstrated pharmaceutical properties such as extraordinary anti-inflammatory activity 1 and act as inhibitors in growth of different human tumor cell lines 2 . Xanthones are known as a common type of antimalarial compounds 3 . In addition, xanthone skeleton displays good thermo-oxidative and hydrolytic stability and cause to have considerable potential as a structural motif in high performance and engineering polymers 4 . Several derivatives of xanthone were isolated from higher plants, fungi and lichens 5 . However; the naturally occurring xanthones are limited to a narrow range of substituents imposed by the biosynthetic pathways. So, in addition to extracting some natural occurring derivatives, several efforts have been employed to synthesize them from their constituent fragments to construct the fused pyranone ring. Therefore a number of methods are developed for the synthesis of new derivatives, including cyclodehydration of 2,2'-dihydroxybenzophenones 6 , electrophilic cycliacylation of 2-aryloxybenzoic acids 7 , tandem coupling-cyclization of arenes with salicylates 8 , oxidative cyclization of 2-phenoxy-benzaldehydes 9 and nucleophilic aromatic substitution reaction(S N Ar) for cyclization of o-halobenzophenones 10 .
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Chem Sci Trans., 2013, 2(3), [739] [740] [741] [742] [743] [744] [745] [746] [747] [748] In cycloacylation-dehydration procedures an excess amount of acid activating agent such as POCl 3 , PPA and P 2 O 5 have been applied in the presence of quantitative amount of sulfonic acids or Lewis acids 11 . Unfortunately, these methods suffer from serious drawbacks such as low yield 12 , freshly prepare catalyst 13 and high temperature (~200 o C) 14 . Along this, to introduce an efficient and convenient method for the synthesis of xanthones and bisxanthones which fulfill the demands for the preparation of new compounds with possibility of having different substituents on the xanthonic nucleus, we explored the convenient procedure using calix [4] arene parasulfonic acid organocatalyst and POCl 3 as an acylating agent. The derived products were listed in Table 1 .
Experimental
The fine chemicals including p-tert-butylphenol, formaldehyde solution (37%), diphenyl ether, ethylacetate, methanol and sodium hydroxide were purchased from Merck (Schuchardt, Germany). Salicylic acid, 2,5-dihydroxy salicylic acid, resorcinol, phosphorus oxychloride and silica gel were obtained from Fluka (Switzerland). Melting points were determined with an Electrothermal 9100 melting point apparatus. IR and 1 H NMR spectra were recorded respectively on Bruker FTIR spectrometer and Bruker Avance III 400MHz NMR spectrometer using tetramethylsilane (TMS) as an internal standard. GC-MS analyses were carried out on a Shimadzu GC 17A gas chromatograph coupled with a MS-QP 5000 Shimadzu mass spectrometer (Tokyo, Japan). Elemental analyses were performed by a CHN Rapid Heraeus elemental analyzer (Wellesley, MA).
General procedures for preparation of xanthones
To a round bottom flask containing salicylic acid (1 mmol), phenol derivatives (1 mmol), POCl 3 (1.1 mmol) and catalyst (0.06 mmol) was added. The flask was placed in an oil bath and temperature was adjusted to 80 o C. After completion of the reaction which was monitored with TLC, it was poured on to the crushed ice and allowed to stay for an hour. Then extracted with chloroform and washed with saturated aqueous sodium bicarbonate and water and dried. For further purification flash column chromatography was performed using (petroleum ether/ethylacetate, 95:5).
3-Hydroxy xanthone (1) 15 The compound 1 was obtained (230.6 mg, 93%) and characterized according to the described procedure 24 2- (1,1,1,3,3,3-Hexafluoro-2-(9-oxo-9H-xanthen-2-yl) 
2-(2-(9-Oxo-9H-xanthen-2-yl)-propan-2-yl)-9H-xanthene-9-one
2-(9-Oxo-9H-xanthen-2-ylcarbonyl)-9H-xanthene-9-one (10, C 27 H 14 O 5 )
Using the same method described as general procedure, compound 10 (574.5 mg, 75%) was obtained with two equivalent POCl 3 from compound 1 (276 mg, 2 mmol) and bisphenol G (214 mg, 1 mmol): Mp >300 
2-(9-Oxo-9H-xanthen-2-yl)-9H-xanthene-9-one (11, C 26 H 14 O 4 )
Using the same method described as general procedure, compound 11 (560.9 mg, 76%) was obtained with two equivalent POCl 3 from compound 1 (276 mg, 2 mmol) and bisphenol H (186 mg, 1 mmol): Mp >300 (1,1,1,3,3,3-Hexafluoro-2-(2-hydroxy-9-oxo-9H-xanthen-7-yl)propan-2-yl) 
2-Hydroxy-7-(2-(2-hydroxy-9-oxo-9H-xanthen-7-yl)propan-2-yl)-9H-xanthene-9-one
2-(2-Hydroxy-9-oxo-9H-xanthen-7-ylsulfonyl)-7-hydroxy-9H-xanthene-9-one
2-
2-(2-Hydroxy-9-oxo-9H-xanthen-7-ylcarbonyl)-7-hydroxy-9H-xanthene-9-one
2-Hydroxy-7-(2-hydroxy-9-oxo-9H-xanthen-7-yl)-9H-xanthene-9-one (16, C 26 H 14 O 6 )
Using the same method described as general procedure, compound 10 (577.5 mg, 72%) was obtained with two equivalent POCl 3 from compound 2 (308 mg, 2 mmol) and bisphenol H (186 mg, 1 mmol): Mp >300 o C. IR (KBr): 3304, 3028, 2970, 1667, 1446 cm -1 . 1 H NMR (400 MHz, CDCl 3 ): δ 6.95 (m, 2H), 7.01 (dd, J = 8 Hz, 2H), 7.11 (m, 2H), 7.41 (m, 2H), 7.45 (m, 2H), 7.95 (dd, J = 7.6 Hz, 2H) 9.67 (s, 2H). 13 
Results and Discussion
Calixarenes as macrocyclic compounds bearing different kinds of functional groups which form complex with different transition metals have been reported as desirable ligands in organometallic catalysis 17 . Calix [4] arene tetrasulfonic acid has shown some interesting capabilities in preparation of conducting polymer, polyaniline, as a doping agent 18 , incapsulating to Topotecan for improving solubility in chemotherapy 19 and proved to be Scheme 1. Sulfonation of calix [4] arne using Shinkai method To explore the potential activity of sulfonic acid functionalized calixarene, preparation of xanthone derivatives with salicylic acids and a variety of phenols were studied using catalytic amount of (0.06 mmol) organocatalyst (Scheme 2). Scheme 2. Preparation of xanthone derivatives with salicylic acid and a variety of phenols using calix [4] arene sulfonic acid The results (Table 1) clearly indicated good to high yields for this transformation by using an equimolar amount (which is important from environmental point of view) of phosphorus oxychloride as an acylating agent. This procedure demonstrates direct condensation of different salicylic acids and phenols via acylation followed by in situ cyclization of dihydroxy benzophenone intermediates. The results and overall yields indicate that some functional groups accelerate the ring closure and promote the yields obviously. 
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As can be seen in Table 1 , dimethoxy phenol produced the corresponding Xanthones in high yield, while phenols bearing sulfonyl and carbonyl groups showed lower reactivity and the corresponding xanthones were obtained in moderate yields. Products formation from 5-hydroxysalisylic acid took more time and relatively lower yields were afforded. On the other hand, treatment of 5-hydroxysalicylic acid with different bisphenols gave novel dixanthonic compounds which would be applicable in preparation of high-performance polymers. The polyester and polyether formation of these monomers are currently under investigation in our laboratory.
For industrial concern and notability of our work especially with these promising polymerizable bishydroxy xanthones (entries 12-16), reusability of the catalyst has a great importance. Therefore, after completion of each reaction, catalyst was simply recovered from the reaction mixture by treating the precipitate with deionized water to dissolve the catalyst. Finally, on filtration, water was evaporated and the organocatalyst dried and reused in successive reactions. The recycled catalyst was found to be highly efficient even after four cycles of use (Figure 1) . 
Conclusion
In conclusion, an one pot and applicable procedure for preparation of novel xanthones and dixanthones using efficient and reusable organocatalyst known as p-sulfonic acid calix [4] arene has suggested. Herein, we employed this valuable catalyst along with acylating agent for annulations of xanthonic ring under solvent free condition. This study can attracts Yield % R u n high attention of the researchers who looking for environmentally friendly procedures based on less harmful catalysts such as metal free catalysts or recyclable ones which are more desirable especially in pharmaceutical and food industries. Moreover, promoting the chemical transformation with appreciable conversion of the substrates to synthesize interesting bisxanthone monomers with attractive capabilities was accomplished.
